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Microwave ceramic dielectric resonator has many advantages, such as small 
volume, high Q value, high temperature stability, low cost , and easy integration. It 
has been widely used in satellite communication, mobile communications, radar, 
remote telemetry, anti-electronic and electronic reconnaissance equipments. When 
researching, producting and using microwave dielectric resonators, accurate 
measurement of the dielectric properties of medium material of microwave is very 
important. 
For medium materials and components have different overall dimensions and 
physical states, the testing method and testing system adopted is also different. The 
main methods are transmission method, transmission lines terminal, time domain 
method and resonant method. The common characteristic of transmission method, 
transmission lines terminal method and time domain method is wide testing frequency 
band. The deficiency is that they are of low sensitivity for low consumption medium 
material. While resonant method is of high sensitivity, the defect is that the test 
frequency range is narrow. This thesis mainly studies the low loss materials 
measurement, so the resonance method is choosed.. 
This paper studies a set of convenient , automate, quick, high accuracy parallel 
plate short-circuit method of automatic test system. This system tests accurately, and 
it can make the simultaneous measurement of dielectric constant, dielectric loss, 
temperature coefficient. It is the first time to achievie pure software and automatic 
operation. This paper also studies a set of open parallel plate temperature coefficient 
testing system, which solve efficiency of testing the temperature coefficient of large 
samples. If resonators’ size are improper, they’ll be low Q leakage and even have no 
resonance peak appearing. This paper has successfully developed microwave ceramic 
dielectric resonator design software to design the proper size for the samples. It can 
avoid the above problems. The test results show that the measured value is close to 
the theoretical calculation results and the national standard rather well. Parallel plate 
short-circuit method of automatic test system can test dielectric constant, dielectric 
loss, temperature coefficient at the same time, and it is accurate, reliable, no damage, 
automate and practicable. The open parallel plate method can test eight samples’ 
temperature coefficients accurately and reliablely, also has great practicability. 
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第一章   绪  论 
1.1 国内外发展动态   
20 世纪 70 年代，Raytheon 首次研制成功 Ba-Ti02 系统温度稳定性好、损耗
低的微波介质。1971 年日本 NHK kanishi 报告了利用正、负温度系数材料组合成
温度稳定的介质谐振器，1975 年美国贝尔实验室进一步改进 Ba-TiO2 系统的微
波介质材料，1977 年日本村田研制出(Zr-Sn) Ti04 系统的微波介质陶瓷，它具有








式响应电场的作用。其主要性能参数有介电常数 rε ′、介质损耗 δtan ，以及温度
系数 fτ ，这三种特性的结合决定了微波谐振器是否可行。寻求高介电常数 rε ′、


























以采用谐振法。早在 1970 年，Courtney W.E.等人就提出了此测试方法。后来又






数有三个：相对介电常数 rε ′、介质损耗 δtan 、温度系数 fτ 。 
1．相对介电常数 rε ′
[15][16] 
相对介电常数 rε ′是反映电介质极化微观过程的宏观物理量。 
根据： 
rελλ ′= 0                                     (1.2-1) 
微波频段介质陶瓷的相对介电常数 rε ′越大，介质元件的工作波长就越短，有利于
介质元件的小型化及集成化。 
2．介质损耗 δtan  
介质损耗 δtan 与品质因数 Q 的关系为： 
Q=1/ δtan                                       (1.2-2) 
研究发现，在微波频段内同一介质材料的 Q 值反比于频率ƒ，因此常用 Q×
ƒ值表征微波介质陶瓷的损耗特性。微波陶瓷元件的品质因数与介质损耗和金属


















)/( 0fTff ×ΔΔ=τ                                (1.2-3) 
单位为 ppm/
o
































































下图 2.1 表示一个有 N个均匀分区的无源有耗的三维电磁谐振系统：系统内




















),,2,1( Ni L= 。设待求介质位于分区 ，其介电常数为未知，而其它所有的电





                                
图 2.1 分区填充均匀介质的谐振系统 
ω考虑到介质和导体的损耗，设图 1 所示系统的某一复数谐振角频率为 ，
则 









                              (2.2-1) 
其中，ω 为系统的实际谐振角频率， 为系统的无载品质因数。 uQ
iV
00
在该谐振系统的第 i个均匀分区 内，电场满足的波动方程为 



































































    
2.2-3 式就是以被测介质的相对复介电常数 rε 作为谐振系统本征值的微分方
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vvvv ημ      (2.2-7)  









SR = 为导体的表面电阻， Cμ 为
导体的磁导率，σ 为导体的电导率。 





















 (2.2-8)  
2.2-8 式中的矢量函数E
v
只须满足第一类边值条件 2.2-4 和 2.2-6 式，对于
第二和第三类边值条件 2.2-5 和 2.2-7 式，方程 2.2-8 已自动满足。 





2.2.2  二维求解方程 
下图 2.2 表示填充 3 种非磁性(μr=1)电介质的轴对称屏蔽圆柱谐振腔的轴
截面。介质 1 为空气，介质 3 的复介电常数为已知，根据实验测得的 TE0np模式
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